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SOl-iMAHY 



The prohleo in thle investigation v/aa to deterraine the stress 
and deflection patterns of a thick cantilever plate at various angles 
of sveepback. 

Tie plat© vaa tested e-t angles of sweepback of zero, twenty, 
forty, and sixty degrees under uniform shear load at the tip, uni- 
fomly distributed load end torsional loading. 

For all angles of sweep and for all types of loading the area 
of critical stress is near the intersection of the root and trailing 
edge. Stresses near the leading edge at the root decreased rapidly 
with increase in angle of swoop for all types of loading. In the 
outer portion of the plate near the trailing edge the stresses due 
to the unifom shear and the uniformly distributed load did not vary 
for angles of sweep up to forty degrees. For the uniforra shear and 
the unifonaly distributed loads for all angles of sweep the area in 
which end effect is pronounced extends froo the root to approxicately 
three quarters of a chord length outboard of a lino perpendiciilar to 
tlie axis of the nlate through the trailing edge root. In the case of 
uniform shear and unifortily distributed load s the deflections near 
the edge at seventy-five per cent semi-span decreased with increase 
in angle of sv;eep. Deflections near the trailing edge under the 
sane loading conditions increased with increase in angle of sweep 
for snail angles and then decreased at the higher angles of sweep. 

The maxlaaxn deflection due to torsional loading increased with in- 



crease in engle of sweep 
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1, Photogrfl'oh of e niipn ■>nt under uniforn choier load. 

2. /hotOt^rav’h of eqaiv-nont under to reion lo^d. 

T5. "'hotocraph of elect ric;d cnuip'iGn't, 

4. np.p^iitude end orient''tion of principal stresses - uniform shear 
load - zero angle of sweep. 

5. Magnitude and orientation of principal stresses - torsion load - 

zero pngle of sweep . 

6. ^iPgnitude and orientation of principal stresses - uniformly 
distributed load - zero angle of sweep, 

7, hiagnltude and orientation of principal stresses - ualfora shear 
load - t'-’enty degree angle of si^eep. 

8, i'lsgnitude and orientation of principal stresses - torsion load - 
tv;enty degree angle of sweep, 

9, i’fjgnltude end orientation of principal stresses - uniformly 
distributed lo^ad - twenty degree angle of sweep. 

10, F.agnitude and orientation of principal stresses - uniform shear 
load - forty degree angle of sweep. 

11, Magnitude and orienta-tion of principal stresses - torsion load - 
forty degree angle of sweep, 

12, Magnitude and orientation of principal stresses - unifona3y 
distributed load - forty degree angle of sweep, 

1(5. (Magnitude and orientation of principal stresses « uniform shear 
load - sl3:ty degree angle of sweep, 

14, f^lagnitude and orientation of principal stresses - torsion load - 
sixty degree angle of sweep, 

15, Magnitude and orientation of principal stresses - uniformly 
distributed load - sixty degree angle of sv/eep, 

16, Deflection pattern - uniform shear load - zero angle of sweep, 

17, Deflection pattern - torsion load. - zero angle of sweep. 

18, Deflection pattern - uniformly distributed load - zero angle of sweep. 
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19, T>ef3.ectlon pattsrr. - miifor.-: load - degree angle of sweep. 

20, Oeflaction pr-ttem - tore-ion lord - tventv degree angle of sweep. 

23 , 'Reflection p? ttom - 'miforrdy dlctriljuted load - t’A^enty degree angle 
of sweep. 

22, Deflection pattern - unlfom shear load - forty degree angle of sweep. 

23, Deflection pattern - torsion load - forty degree angle of sweep. 

24, Deflection pattern - unifonnly distributed load - forty degree angle 
of sweep, 

25, Deflection pattern - unlfom shear load - sixty degree angle of sweep. 

26, Deflection pattern - torsion load - sixty degree angle of sweep. 

27, Deflection pattern - imlfomly distributed load - sixty degree angle 
of sweep, 

29, Variation of stress with angle of Gv/eep near trailing edge - uniform 
shear load, 

29, Variation of stress with angle of sv;oep> near trailing edge - torsion 
load, 
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30, Variation of stress with angle of sweep near trailing edge - unifomly 
distributed load, 

31(a). Variation of stress with angle of sweep near leading edge « uniform 
shear load, 

31 Cb). Variation of stress »^th angle of sweep nesT leading edge - uniform 

shear load. 



32. Variation of stress with angle of sweep noar loading edge ~ torsion 
load, 

33(a), Variation of stress with angle of sweep near leading edge - onifornily 
distributed load. 

33(b). Variation of stress with angle of sweep near leading edge - unifomly 
distributed load. 
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34, Variation of deflection with angle of sweep - uaifom shear and 
unlforzaly distriouted loads 

35, Variation of deflection with angle of sweep - torsion load 

36, Deflection corrections due to sag of oupoort - uniform shear 
and uniformly dlstrlhutod loads 



This investigation was carried out at the Guggenheim Aero- 
nautical Laboratory at the California Institute of Technology 
in conjunction with Comnandor F, B. Oilkeson, during the aca- 
demic year 1948 - 1949. 
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IKmiWJCTIOK 

The problem In this Investigation was to determine the effect 
of sweepback upon the deflection end stress pattern of a thick canti- 
lever plate. The plate was tested at angles of sweep of zero, twenty, 
forty, and sixty degrees under onifom shear, uniformly distributed, 
and torsional loadings. 

This research is one phase of the investigation being carried 
out at the Guggenheim Aeronautical Laboratory of the California In- 
stitute of Technology (GALOIT) to dotemlne the effect of sweep ujon 
the deflection and stress patterns of aircraft 'jdngs of high solidity. 
This work is being carried out both experimentally and theoretically 
under a contract with the United States Air Force. 

Since little cxperinentel data has been published on this phase 
of structural research, it was necessary to begin the overall investi- 
gation of this problem with the study of solid plates having the shape 
of. swept wings and subjected to uniform shear lo.adlng, uniformly dis- 
tributed loading, and torsional loading. By September of 1948 a pre- 
llnin^^ry Investigation on a thin plate had been completed by the 
GaLOIT staff. This •‘pointed the way” to the present investiga- 

tion. This paper will suggest several points to be considered in 
further experinontal investigation of the problem and will furnish 
data which will be useful as a guide to the correct theoretical solution 
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of this pro'blca, 

!Chig investigation was carried out In the OALCIT structures 
laTsoratory under the supervision of Dr, S, E. Sechler, It was done 
in conjunction with Oonnandor F, B, Gilkeson, U, S, Havyi during 
the acaidemio year 1948 - 1949, 
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The test specimen wes a 24ST alunlnuia alloy plate. The plate 
was one inch thick and the area was maintained constant at 400 square 
inches at all angles of sweep hy cutting triangular pieces parallel 
to the root from the tip of the plate so as to maintain a constant 
length of forty Inches end a constant width of ten Inches. A square 
grid was scribed on the bottom of the plate at two and one-half inch 
intenrals along and across the plate to facilitate the measuring of 
deflections. The dimensions of tho specimen in the four configura- 
tions of sero, twenty, forty, and sixty degrees of sweep are shown 
in Figures 4 through 16. 

Standard SR-4 strain rosettes manufactured by the Baldwln- 
Southwaik Conpany were attached to the specimen at the points indi- 
cated in Figures 4 throu^ 15, These rosettes were connected to a 
Wheatstone bridge circuit from which strain readings in millivolts 
were taken. These readings were converted into principal stresses. 
®ie electric'll setup is shown In Figure 3, 

The plate was supported by a heavy framework of I beams and 
steel plates. This support is shown in Figures 1 and 2. The frame- 
’flTork was bolted to a concrete floor. This method of supporting the 
plate gave a reasonable degree of fixity. As complete fixity was not 
possible, a survey was made to determine tho amount of “sag'* of tho 



suijport 
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The teat plete was placed between two steel plates at the top 
of the support. In order to obtain a uniforn proasure and a maxlEum 
fixity, specially cut spacers wore i,n9orted between the teat plate 
and the supporting atoel plates. 

A dial deflection ga^ manufactured by the B. C, Ames Company 
of Vfalthaia, Massachusetts was used to measure deflection. This gage 
was calibrated to one thousandth of an inch, A large smooth table 
was used to support this gage. 
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PKOffiJIXJHil 

The plate was tested under three tyj;os of loadings at angles of 
sweepback of zero, twenty, forty, and sixty degrees. These loadings 
are referred to as unifora shear, uniformly distributed, and torsion 
loads. The uniform shear load was applied at the tip by means of a 
whiffle tree arrangement. This permitted the uniform shear load to 
be applied uniformly across the tip of the plate. Shot bags were 
placed in a large pan supixjrted by the wliiffle tree to give the de- 
sired load. Uniform shear loads of two hundred, four hundred, and siz 
hundred pounds were applied for each angle of sweep, (See Figure 1.) 

Uniformly distributed loads of one, t'^ro, and three pounds per 
square inch were applied at each angle of sweep, Tl^se loads were 
applied by placing shot bpgs unifor;ily over the surface of the test 
plate. A nat of sponge rubber was placed over the plate to protect 
the strain rosettes from the shot bags, Uniforialy distributed loads 
of one, two, and three pounds per square inch were used in order to 
malce the moment et the root caused by these loads equal the moments 
at the root caused by the tvro hundred, four hundred, and six hundred 
pounds uniform shear loads. 

Torsion loads of fifteen thousand, thirty thousand, and forty- 
five thousand inch pounds wore applied at ee.cii angle of sweep. These 
torsion loads were applied at the tix? by means of an I beam bolted to 
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the tip. Pans were attached to the ends of the I beans by flexible 
steel cables. The cable on the side of leading edge lead vertically 
dOhUward. The cable on the side of the trailing edge v;as lead vert- 
ically apward to a pulley and then downward. Shot bags v;ere loaded 
in the pans to give the desired load. (See Figure 2). The bolt holes 
in the tip used for fastening the I bean to the plate v-;ere bored par- 
allel to the axis of the plate. This resulted in a torsional load 
vector perpendicular to the tip as shown dn Figures 2, 5* 8, 11, and 
14. 

V 

Deflections for all tiTpos of loads were obtained by measuring the 
change in distance between a. smooth table and the plate when the var- 
ious loads were applied. Zeros were obtained before and after load- 
ing and it was found that at least three loading cycles were needed 
in order to stabilize these zero readings. Deflection readings were 
taken at five inch intervals span wise and at the zero, twenty-five, 
fifty, seventy-five, and one hundred per cent chord points. These de- 
flections are plotted in Figures 16 through 27. These curves are not 
corrected for the sag of the support. For the concentrated loads and 
the uniform loads, deflections in the direction of loading are plotted 
as positive deflections, 'For torsional loads, up deflections are 
plotted as positive deflections and down deflections are plotted as 
negative deflections. 

The orientation and magnitude of principal stresses at the 



-7- 



various strain rosette locntions -’ore plotted ?-s shOT^n in Piguroa 4 

to 

In order to detemine the sag of the support, a lightweight I 
t>e?jn v;2s fa.3ten'd to the top of the support and its deflection was 
measured when the plate was loaded. ?ho deflection of tho top sup- 
port pl-?,tQ was aeasured lay niounting an arch on the ends of this plate 
and neasuriag the change in tho distance hetwean this arch and the suoport 
plate upon loading the test plate. The sag of the bottom support plate 
was measured in a manner sinil?r* to the method used to measure the de- 
flection of the tost plate. The sag due to torsion loads, i,e,, in 
the plane of the oup;^ort, tifas found to be negligible. The corrections 
due to the sag of the support for the uniform shear and uniformly dis- 
tributed loads are shown in Figure 36, All deflection plots subsequent 
to Figure 27 have been corrected for the sag of the support. 

Cross plots made to show the variation in deflection with 

increased angle of sweep for points on the fifty and seventy-five per 
cent scmi-spaii lines, Figuire 34 shows this variation for uniform shear 
and uniformly distributed loadings, and Figure 35 for torsion loading. 

Cross plots to show this variation in stresses near the trailing 
edge for tho various sweep angles wero node in Figures 28 to 30, Simi- 
lar plots were made for the stresses near the leading edge as shovm in 
Figures 31(a) to 33(b). Data for those plots are listed in Tables 1 



and II 
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j^"igur©8 31(b) and 33(b) are tracings of Figures 31(a) end 33(a) 
respectively with additional curves representing the strains as calcu- 
lated by the standard engineering fonaula for a siciple cantilever 
beau. For these curves the sicrple beane were considered to be fixed 
at a line perpendicular to the axis through the trailing edge root. 

In these calculations for the uniform shear load, the total shear was 
assumed concentrated at the tip at the fifty per cent chord point. 

Since it was found that both otresses end deflections varied 
linearly with increase in load for all types of loading and for all 
angles of sweep, all tables end graphs In this report are for the 
naximn load of each of the various loading conditions. 



RESUL^PS AN 13 Disa'SSIOIT 



I, "efloctioao 

The deflections of the test plate for all t 5 >pea of loading ?jad 
for all angles of sweep are plotted in Figures 16 through 27, IThese 
cur/es have not been corrected for the sag of the support. Correc- 
tions for sag of the support are plotted in Figure 36, Curves shoifing 
the variation of deflection at fifty and seventy-five per cent seini- 
span vith angle of sweep are plotted in Figures 34 and 35, These 
curves v/ere corrected for the sag of the sap 7 )ort. 

For the unifora shear and unifomly distributed loads the de- 
flection of the trailing edge at seventy-five per cent semi-span in- 
creased 'adth an increase in angle of sweep up to an angle of sweep 
between twenty and twenty-five degrees and then decreased. The deflec- 
tion of the leading edge at seventy-five per cent semi-span docre-.sed 
'adth angle of sweep. Both of these effects are due to the fact that 
as the angle of sweep is increased the bending moment is reduced and 
an increasing twisting moment is introduced. 

In the case of torsional loading the deflection of the trailing 
edge et seventy-five per cent semi-spen increased ’.fith Increeso in 
angle of sweep. The deflection of the leading edge for the Siuio point 
spanwiee was in the direction of torque for small angles of sweep and 
oppoFdte to the direction of torque for large angles of sv;eep. The 
maximum deflection in this direction was reached at an angle of sweep 
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of aijproxlnately forty-flvo degrees. This effect is due to the fact 
that the manner of applying the torque introduced a hending con^sonent 
which caused the plate to hend upward more and more as the angle of 
sweep Increased. 

All deflections Increased linearly with Increase in load for 
all loading conditions and for all angles of sweep. 

At zero angle of sweep the experimental deflections duo to the 
uniform shear load were found to be slightly greater than those com- 
puted by the engineering formula for prismatical beams, (See Table 6). 

11. Stresses 

The magnitude and direction of the principal stresses are plotted 
in Figures 4 through 15. Variation of the stresses with angle of sweep 
along the ninety per cent chord line is plotted in Figures 28 throu^ 
30, Similar curves along the ten per cent chord line are plotted in 
Figures 31 through 33, 

The stresses near the intersection of the root and the trailing 
edge were found to increase rapidly for angles of sweep greater than 
zero for all types of loading. Just the opposite effect was noted for 
the area near the intersection of the loading edge and the root where 
the stresses decreased rapidly with increase in angle of sweep for all 
tj'pos of loading. In fact at an angle of sweep of sixty degrees the 
stresses in this area are practically negligible. For all angles of 
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aweep ?nd for all tj^ee of loading the area of critical stress v;aa 
near the intersection of the trailing edge and the root. 

The stresses along the ninety per cent chord line from fifteen 
to one hundred per cent aeml-apan due to the uniform shear load were 
found to be linear for all angles of sv/eep. In this portion of the 
plate the stresses did not change with angle of sweep up to an angle 
of sweep of forty degrees, then they dropped off slightly for the 
sixty degree angle of sweep. This second fact was found to hold true 
for the stresses due to both unlfom shear and uniformly distriliuted 
loads. 

Stresses in the portion of the plate mentioned in the previous 
paragra|)h were found to bo at least ten per cent less than the stresses 
as calculated by the engineering formula for angles of sweep up to 
forty degrees for both uniform shear and uniformly distributed loads. 

Compressive stresses along the ninety per cent chord line duo 
to torsional loading increased with Increase in angle of sweep and the 
tensile stresses decreased. This is due to the fact that the bending 
stresses become larger r^ith Increase in angle of sweep due to the manner 
in which the torque was applied. 

Along the ten per cent chord line the point of maximum stress 
due to all types of loading moved outward with an increase in angle 
of sweep. The distance from the root along this chord line to the point 
of maxinsim stress appears to increase linearly with Increase in angle 
of sweep for both the uniform shear and uniformly distributed loads. 



However, it would be necessary to tost the plate at additional angles 
of sweep to establish this fact conclusively, (See Table V), 

In calculating the stresses near the loading edge "ty neans of 
the standard engineering formula for a cantilever beajn, the portion 
of the plate outboard of a line drawn through the trailing edge root 
and perpendicular to the swept nzis of the plate was assumed to act 
like a simple cantilever beam. The uniform shear load was assumed 
to be concentrated at the tip and fifty par cent chord point. These 
assumptions resulted in a different engineering foimola curve for each 
angle of sweep. Outside the area of end effect the e:!q>oriiaental re- 
sults agree very well with the theoretical results for all angles of 
sweep in the case of the uniformly distributed load. For the uniform 
shear load outside the area of end effect the engineering fonaula 
gives conservative results for zero angle of sweep, agrees very veil 
for the twenty and forty degree angles of sweep and is non-conserva- 
tive for the sixty degree angle of sweep. 

For the uniform shear and the uniformly distributed loads, for 
all angles of sweep, the experimental stress curve departs from the 
theoretical curves at a distance of approximately three quarters of 
a chord length from a line vdiich is perpendicular to the axis of the 
plate through the trailing edge root, i.e., the assumed root of the 
cantilever beam used in the engineering foxusila calculations. This 
leads to the conclusion that “end effect*^ extends out this distance. 

Stresses Varied linearly with increase in load for all angles 
of sweep and for all types of loading. 
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III, Accuracy 

In order to 0 ?>timp,te the accurrcy of the results obtained a sux^ 

vey vas made of the stresses in the outer portion of the test plate 

^^hen under naKlmum torsional loading and at sero angle of sweep. Under 

these conditions the stresses throughout this portion of the plate 

should have been equal. The average of all these stresses was obtained 

end then the maxiauja and average errors were conputed by comparing 

this avera.ge stress v;ith the actual stresses. The maxlmoa error v;as 

equal to plus or minus 6,28 per cent end the average error was plus 

or minus 2,72 per cent. The accuracy of these results was checked by 

/ 

multiplying the stresses due to one-third maxlmn load by three and 
by multiplying the stresses due to two-thirds naximm load by three 
halves and comparing those results with the stresses due to maximum 
load. The maxinrom and average errors found in this manner were slight- 
ly less than those found previously. 

The errors in the stress results were due to the inherent error 
in the strain rosettes, slight variation in the electrical zoto, and 
personnel error, 

A conpsTison of the oiigseriniental deflections of the plate at zero 
angle of sweep with the theoretical deflections as cos^jutod by tho eng- 
inerring bean foraula is shown in Table VI. The deflections were also 
oouputed using Stevenson's formula as given in Ref, (a). The deflections 
computed by this formula agreed airiest exactly with those computed by 
the engineering formula. In Stevenson's fonaulE ho sets the boundaiy 
conditions at only one point, the center of the plate at the root 



) 
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’■;here be &s3unes zero deflection and zero glope, MiGrets, in this in- 
vestigation tho plate vao clenped along the entii*e root, ^Fhis fixed 
end condition leads to noro boundary conditions then there are unkno^ 
constants in Htevenson’s fonnolva. For this reason it Is folt that the 
engineering formila gives as good theoretical re silts as any 
solution for the plate as tested in this investigation, A comparison 
of experimental ras\ilts and theoretical results sho vs a deflection 
error of approsinatel" three per cent for the El^ixiEHlJ 2 deflection. 

This error is greater at snail er deflections. The error in deflection 
readings is due to zero reading error and sag of the 8U..port in addi- 
tion to that sag v/hich vas measured, 

IT, Reconiaendations 

In this experiment it found that there were too fe’,? strain 
rosettes in the area of critical stress near the root. In the future 
it is recorrriendod thst as strain rosettes as possible be placed 

in this area. 

It is also felt that more valuable information could be obtained 
In the same length of tine by testing tho plate at ten degree increments 
of sweep angle end at maxima loads only. 



/ / 
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COITCLUniOITS 

1, For engles of sweep greater than aero and for all types of 
loading the area of critical stress is near the intersection of the 
root and trailing edge, 

2, Stresses near the trailing edge at the root increased rap- 
idly for angles of svaop greater than aero for all t:,pes of loading, 

3, Stresses near the lending edge at the root decreased rapid- 
ly vith increase in angle of sweep for all types of loading, 

4, For uniform shear and uniforaly distributed loads stresses 
near the trailing edge in the outer eighty-five per cent of the plate 
did not vary with angles of sweep up to forty degrees. These 
stresses becorne smaller at the sixty degree angle of sweep, 

5, Use of the standard engineering formula for stresses in a 
cantilever beaii for the uniform shear rnd the uniform?.y distributed 
loads gives good ros’ilts in the portion of the plate which is free 
of end effect, 

6, The portion of the plate in w ich end effect is pronounced 
extends from the root to a distance of three-q^iartors of a chord 
length from a line through the trailing edge root perpendicular to the 
swept axis of the plate, 

7, Hear the leauling edge the point of naxisaira stress due to all 
types of loading moved outward with increase in angle of sweep, 

8, In the case of uniform shear and uniformly distributed loads 
the deflections near the lesidlng edge at seventy-five per cent semi-span 
decreased with increase in angle of sweep. Deflections near the 






ed.,56 under the sane lof.din^ conditions incr©?scd vith increase 
in sjigls' of sweep for snail ■'■’nd then decreased at the higher 

angles of sv^eap, The inpj:inu.n doflaction due to torsioasl loading lu- 
cre' osd with increase in angle of sweep. 
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(a) I. 3. 3okolnikoff, ‘’Mathaiaatical Theory of Slasticlty” 
Hill Book Conpsny, Inc., 1946 - Page 231, 
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TABLE 1 



Stresses at Ninety Per Cent of Chord 



Distance* 



Stresses (psi) 



Unifona Uniformly Torsion 

Shear Load Distribated Load Load 





+ 




- 


+ 






tt 

o 

o 






1.00 


12868 


11314 


14062 


4480 


5.00 


11486 


9303 


11340 


9624 


9.00 


9855 


7064 


10654 


11512 


13.00 


8595 


5316 


11109 


10910 


17.00 


7460 


4124 


10974 


11544 


30.00 


3267 


791 


10927 


11668 


34.00 


2025 


236 


11641 


11068 






^ « 20® 






1.20 


• 17408 


15486 


21985 


5497 


5.20 


12285 


10100 


17961 


8418 


9.20 


10324 


6882 


17125 


9022 


13.20 


8726 


5080 


17148 


8952 


17.20 


7436 


3976 


17098 


8943 


30.30 


2921 


631 


16973 


8776 


34.30 


1490 


117 


17022 


8331 






/ = 40® 






3.17 


13359 


13425 


24515 


3948 


7.17 


10979 


8376 


21497 


4879 


11.17 


9223 


6060 


20413 


6267 


15.17 


7644 


4655 


20119 


5137 


32.17 


2010 


270 


20459 


4882 


36.17 


764 


125 


17179 


3936 






« 60® 






2.67 


16178 


11702 


31323 


1284 


4.67 


11471 


6383 


26394 


1902 


0.67 


9143 


5708 


23937 


2249 


12.67 


7422 


3636 


23404 


2183 


16.67 


5677 


2467 


23016 


2253 


24.67 


3174 


817 


22328 


2038 



•Distance is measured in Inches from root along chord line 



I 
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TAE3-E 2 



Stresses at Ten Per Cent of Chord 



Distance'*’ 



Stresses (psl) 





Unifom 


Unifonaly 


Torsion 




Shear Load 


Distriluted Load 




Load 




s* 


•ir 


— 








II 

o 

o 






1,00 


13053 


12550 


3358 


14619 


5.00 


11425 


9990 


9329 


11795 


9.00 


9423 


6820 


10881 


11082 


13.00 


8555 


5428 


10346 


11846 


17.00 


7077 


3415 


10935 


10980 


26.00 


4668 


1325 


11560 


11439 


30.00 


3198 


762 


10619 


12016 



« 20 ° 



2.30 


10360 


10148 


6776 


9700 


4.30 


11147 


10091 


10678 


6816 


9.30 


1126S 


9569 


16118 


8755 


12.30 


9722 


6331 


15788 


8996 


16.30 


8821 


4991 


16831 


8993 


20.30 


7166 


2241 


16819 


8928 


29.30 


4323 


1185 


17368 


9246 


33.30 


2853 


362 


17203 


9597 



40° 



1.80 


4343 


4880 


183 


7577 


3.80 


6528 


6366 


3023 


5445 


5.80 


8417 


7851 


7816 


4236 


7.80 


9747 


8498 


12210 


4219 


9.80 


10329 


8694 


15397 


4280 


13.80 


10331 


8524 


19265 


4817 


17.80 


8697 


5446 


19171 


6308 


21.80 


4201 


4002 


19984 


5188 


25,80 


6130 


2662 


19699 


6366 


34.80 


3106 


647 


20100 


5278 



♦Distance is measnred in inches from root along chord line 
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TABL-) 2 (Cont'd) 





Stresses at 


!?on Per Cent of Chord 






Distance* 




Stresses (psi) 








Uniform 


Uniformly 


Torsion 




Shear Load 


Distributed Load 


Load 








+ 


mm 








60® 






2.30 


684 


274 


176 


3527 


4.30 


1652 


863 


918 


3093 


6.30 


4640 


1783 


1811 


2807 


8.30 


3163 


2758 


3029 


2020 


10.30 


4394 


3778 


6284 


1383 


12.30 


6331 


4830 


9036 


1220 


14.30 


7859 


6120 


13546 


1372 


16.30 


8765 


6609 


17326 


1703 


18.30 


9133 


6608 


19821 


1813 


22.30 


8324 


4968 


22664 


2117 


26.30 


7141 


3976 


21842 


2653 


30.30 


6052 


2407 


23208 


2309 



♦Dlstsnce is neasured in inches from root along chord lino. 



y 
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TABLS 3 

Deflections at Fifty Per Cent Serai-span 



Deflections (inches) 
uniform Sheer Load 





L.S. 


25^ 


30^0 


73^ 


rp TT 


0 


463 


463 


469 


.466 


464 


20 


416 


•443 


473 


.307 


.331 


40 


.260 


.323 


.382 


.448 


.313 


6o 


,055 


.119 


.203 


.326 


•443 






Oniforialy Distributed Load 






0 


412 


414 


•414 


•413 


413 


20 


.392 


410 


434 


•433 


•473 


40 


•253 


.306 


.338 


403 


•436 


6o 


.061 


.114 


.176 


.263 


•337 






Torsion 


Load 






0 


-.300 


-.130 


.020 


.180 


•335 


20 


-.060 


.100 


.270 


•443 


.630 


40 


.070 


.240 


•440 


.690 


.930 


6o 


.010 


.130 


.390 


.770 


1.190 



) 
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TABLE 4 

Deflections at Seventy-five Per Cent Semi-span 
Defleotioap (inches) 



00 


L* So 


23^ 


3o%o 


73^0 


T.B. 






Uniform Shear Load 






0 


•933 


*956 


.956 


.956 


.933 


20 


.632 


.897 


.942 


.985 


1.023 


40 


0643 


•727 


.802 


.902 


1.001 


6o 


.258 


•383 


.320 


.672 


0.838 






Uaiformly Distributed Load 






0 


.751 


•751 


.751 


.731 


.731 


20 


•739 


.761 


.787 


.810 


.837 


40 


•552 


.607 


.670 


.727 


•792 


6o 


.220 


.316 


•398 


.301 


.606 






Torsion 


Load 






0 


-.460 


-•220 


.023 


.270 


.313 


20 


.135 


.330 


.640 


.920 


1.200 


40 


495 


.790 


1.130 


1.300 




6o 


.350 


.710 


1.180 


1.600 





f 



Table 5 



Valuation of £iaximm Streao Location with Angle of Sweep 
Along Ibn Per Cent 03iord Lino 

/° Distance from root (inches) 



0 

20 

40 

6o 



0 

6 

12 

18 



Table 6 

Experiiaantol versus Theoretical Deflection of Cantilever Beam 



Distance from Deflections 

Root (inches) Theoretical Experimontel Difference % 



32*5 


I0O46 


I0O85 


»039 


3-7 


3O0O 


.317 


0336 


0O39 


4.25 


27.5 


.732 


.830 


0O38 


4.8 


22.5 


.553 


.595 


0O36 


6.43 


17.5 


•356 


0335 


.029 


8.15 


12.5 


.190 


.218 


.028 


14»7 



) 




FIGURE 1. 



EQUIPMENT UNDER CONCENTRATED LOAD 



FIGURE 2. 




EQUIPMENT UNDER TORSION LOAD 



FIGURE 3. 




ELECTRICAL EQUIPMENT 
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STRESSES PRODUCED bY 4-SOOO IN.-LBS. 
TORSION VECTOR PERPENDICULAR TO TIP 

SOLID UNES INDICATE MACNITUOC AND ORIENTATION 
OERNINCIRAL STRESSES. PLUS S/C/\lS INOICA TE 
TENSION. SCALE iT'^aOXIO* P.S.I. 

MODEL #t TEST 
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STRESS ON 
BOTTOM 



STRESSES PRODUCED BY 600^ LOAD 

uniformly distributed at tip 

SOLID LINES INDICATE MAGNITUDE AND ORIENTATION 
OF PRINCIPAL stresses. PLUS SIGNS /NDICATE 
TENSION ONfISS/ON OF CROSS STRESS INDICATES 

negligible cross stress, scale T'^^aOXIO^RS.I. 

MODEL f^l TESTjf! 





Figure ^ 
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[principal STRESSES IN 

tANTILEi/ER SWEPT PLATE 
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£"TyPICAL 




\ _ 
iQ 

STRESS ON 
BOTTOM 



STRESSES PRODUCED BY LOAD OF 3 RSI 
UNIFORMLY D/STR/BUTED Ol/ER PLATE 

SOLID UNES indicate MAGNITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUS SIGN INDICATES 
TENSION, omission OF CROSS STRESS INDICATES 

NECUCtBLE CROSS stress. SCALE X/0^ P.S. L 

MODEL TEST # 3 
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Figure 6 
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, .PRINCIPAL STRESSES IN 
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6 TR esses PRODUCED 5r 600§ LOAD 
UNIFORMLY DISTRIBUTED AT TIP 

SOLID LINES INDICATE MAGNITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUS SIGNS fNDlCAie 
TENSION. OMISSION OP CROSS STRESS INDICATES 
NEGLIGIBLE CROSS STRESS. SCALE 'F- E OX 10-^ PS. I. 
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STRESSES PRODUCED BY 
45000 IN- LBS TORSION VECTOR 
PERPENDICULAR TO TIP 

B -- 20" 

■SOLID UNCS INDICATE NtAGN ITUDE 
AND ORIENTATION OF PRINCIPAL 

stresses, plus signs indicate 

TENSION. SCALE ■ T'EOXIO^ PSI 
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Figure <3 



PRINCIPAL STRESSES IN 
CANTILEVER SWEPT PLATE 





6TR£SS£S PRODUC£D BY LOAD OF J fiS.I. 
UNIFORMLY DISTRIBUTED OYER PLATE 

SOLID LINES INDICATE MAONITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUSSI6NS INDICATE 
TENSION. OAIISSION OF CROSS STRESS INDICATES 
negligible cross STRESS. SCALE •T-SOXIO' P.SI. 
MODEL TEST 
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Figure 10 

S TRESSES PRODUCED B Y 600 ^ L OAD 
UNIFORMLY DISTRIBUTED AT TIP 

SOLiO LINES INOICATE MAGNITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUS SIGNS INDICATE 
TENSION. OMISSION OF CROSS STRESS INDICATES 
NECUCISLE CROSS STRESS. SCALE ZOX 10^ PS ! 
MODEL 1^3 TE5T§ / 



J 



PRINCIPAL STRESSES IN 
CANTILEVER SWEPT PLATE 
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Figure 11 

STfi ESSES PRODUCED BY 
AS 000 IN-LBS TORSION VECTOR 
PERPENDICULAR TO TIP 

SOLID UNSS INDICATE MAGNITUDE AND 
ORIENTATION OF PRINCIPAL STRESSES. 
PLUS SIGNS INDICATE TENSION. 

SCALE : T'^ZOyiO^ PS! 
M0DCL§3 TESTffa 



PRINCIPAL STRESSES IN 
CANTILEVER SWEPT PLATE 







Figure 

STRESSES produced Br LOAD OF 
3 PS/ UN/FORML Y D/S TR/BUl ID 
OVER PLATE 
AO' 

SOLID LINES INDICATE MAGNITUDE - NO 
ORIENTATION OF PRINCIPAL STRESSES. > LUS 
SIGNS INDICATE TENSION. OMISSION OF Cl OSS 
STRESS INDICATES NECLICIBLE CROSS STI ESS. 

SCALE ■■ T‘=- EOXIO-'PSI 
MODEL# 3 TESri! 3 





yS TRESS 
^ BOTTOM 
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PRINCIPAL STRESSES IN 
CANTILEVER SWEPT PLATE 




Figure 13 

STfi£SS£S PRODUC£D BY 
600^ LOAD uniformly 
DISTRIBUTED AT TIP 
B^ 60 ' 

SOLID LINES INDICATE MAGNITUDE 
AND OniENTATIQN OE PRINCIPLE 
STRESSES. PLUS SIGNS INDICATE 
tension. OMtSSlON OF CROSS 
STRESS INDICATES NEGLIGIBLE 
C ROSS STRESS. SC A IE- SOXIO^PSI 
MODELS 4^ TEST ^ I 





PRINCIPAL STRESSES IN 
CANTILEVER SWEPT PLATE 




STRESSES PRODUCED BY 
15000IN-LB5 TORSION VECTOR 
PERPENDICULAR TO TIP. 

SOLfO L/M£S INDlCAVe MACHtTUt^ AND 
ORliNTATlON OF PRINCIPAL STRESSED 
PLUS SIGNS INDICATE TENSION. 

SCALE :T=aOiUO* PS! 

MODEL # 4 



TEST f I 



TORSION 

VECTOR 



T 



I 



PRINCIPAL STRESSES IN 

CANTILEVER SWEPT PLATE 




OVER PLATE 

B-eo^ 

SOLID LINES INDICATE MAGNITUDE AND 
orientation OEPfUNCtAAL STRESSES. PLUS 
SIGNS INDICATE TENSION. OMISSION OF CROSS 
STRESS INDICATES NEGLIGIBLE CROSS STRESS. 

SCALE ^OX/O^PS^ 

MODEL #4 TEST 
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